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Abstract 
Parachute projection area plays a vital role in parachute design and performance analysis. This paper presents an 
effective method for automated measurement of parachute projection area under inflation process. After masking out 
the unwanted artifacts according to their own characteristics, the canopy could be segmented from the images using 
edge operators and morphological operations. The contour of the occluded or missing part would be estimated 
correctly by spline fitting method. The projection area of the canopy is calculated by the segmentation results. 
Experimental results show that the present method is accurate and efficient in canopy detection, and the obtained 
curve of the projection area could be used in parachute design and performance analysis directly.  
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1. Introduction 
Parachute projection area plays a vital role in parachute design and performance analysis. A precise 
measure of the projection area under inflation process is helpful to understand how the canopy’s shape 
changes, to identify the canopy’s aerodynamic coefficient, and then establish a much better dynamic 
model. Although there has been a lot of theoretical models were presented[1-3], the inflation process of 
parachute, due to its complicate phenomenon, is still empirical[3]. Projection area of a parachute always 
be captured by video cameras and acquired using photogrammetry technique[4, 5]. Image segmentation is 
the fundamental problem in automated measurement. There are a lot of methods available for image 
 
*  Corresponding author. Tel.: +86- 0731-84574794. 
E-mail address: gpgp3020@163.com. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
1945Peng Guo et al. / Procedia Engineering 29 (2012) 1944 – 19512 Author name / Procedia Engineering 00 (2011) 000–000 
 
segmentation, such as adaptive thresholding methods, fuzzy c-means algorithm, split and merge 
segmentation method, and so on[6, 7]. Unfortunately, none could be used directly in parachute projection 
area automated measurement. Recently, more and more new methods have been used to measure the 
parachute’s shape in tests, such as Metal RubberTM sensor[8], 3d laser scans[9] and stereo-image 
correlation photogrammetry system[10], but all of them only could be used for a small parachute in tunnel 
environment. On the other hand, it was observed that a few papers published on the parachute inflation 
experiments, however, do not provide a satisfactory and detailed algorithm for the automated 
measurement of the parachute projection area.  
The objective of this paper is to present a new approach for automated measurement of parachute 
projection area under inflation process. The approach takes advantage of a series of image processing 
steps, including color space segmentation, correlation matching method, region growing method, 
morphological operations and contour restoration, to separate the parachute canopy from the images, and 
then the projection area could be calculated by the segmentation results.  
The paper is organized as follows: Section 2 briefly introduces the main components of a parachute 
system and the features of the test video. Section 3 presents the details of the canopy segmentation 
process, while the experimental results and conclusion are presented in section 4 and 5, respectively. 
2. Features of the test video 
The main components of a parachute system are the canopy, the suspension lines, the swivel, the risers 
and the payload, the parts of a typical parachute system are identified in Fig. 1. 
 
canopy
suspension line
swivel
riser
payloadcamera
optical axis
 
Fig. 1  Components of a parachute system and experimental setup 
The video was recorded by a video camera placed at the top of the payload, towards the inlet of the 
parachute canopy in flight test. The camera’s position and posture was fixed on the payload. The pictures, 
which size is 720 x 560 pixels, were recorded at 29.97 frames per second. The parachute used in this test 
was about 1000 m2. 
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From the video it could be seen that the canopy, which consists of a lot of rings with different colors, 
moved and changed largely and randomly under inflation process, and a full opened canopy’s contour 
might be beyond the video’s borders. Additionally, the extraneous artifacts in the video, such as the 
suspension lines, the risers, the swivel and the video’s caption, would downgrade the segmentation 
performance. Furthermore, the duration of the inflation process is more than 15 seconds, so there are 
more than 450 images need to be analyzed. Considering the video’s features, a short time-consuming 
approach involves a series of image processing steps is desired, and this paper try to present a proper 
method to satisfy this demand. 
3. Parachute canopy segmentation process 
Parachute canopy segmentation process consists of two steps: pre-processing and segmentation 
processing. 
3.1. Pre-processing 
The input image contains noise and extraneous artifacts, so the first step in segmentation is to reduce 
the effects of such noise and unwanted artifacts. A median filter would have a significant impact on noise 
removal, but it is more difficult to mask out the unwanted objects directly, all of them must be 
distinguished from the image by their own characteristics such as color, position, texture and so on. The 
pre-processing mainly involves the following three parts: caption detection, suspension lines and risers 
detection, swivel detection.  
3.1.1. Caption detection 
The caption has a fixed position in the video, so it can be detected by performing a logical ‘AND’ 
operation of a few of the video frames. Before caption detecting, the images need to be converted to 
binary ones using Otsu’s threshold method. Let 1F , 2F ,…, nF  be a sequence of binary video frames, and 
then caption could be detected by  
 
1 2 nCaption F F ... F= I I I  (1) 
3.1.2. Suspension lines and risers detection 
In the video the suspension lines and the risers could be detected by their colors. It is well known that 
the similarity of the colors for different regions could be charactered by their adjacency in Lab color 
space. In Lab space, two colors could be identified by calculating ‘ab’ space euclidean distance between 
them. Aim to detect the suspension lines and the risers in an image, a color sample region should be taken 
firstly. Assuming U is the color sample region, then U  is a pixel set, let aU and bU denote the average 
values of U in ‘ab’ space, p is a pixel in the image, ap and bp are values of a and b components, fD is the 
maximal distance between p and U , then fD could be written as follow 
 
( ) ( ) ( )max max
1
2 2 2
f a a b b
p U p U
D p U p U p U
∈ ∈
⎛ ⎞⎡ ⎤= − = − + −⎜ ⎟⎣ ⎦⎜ ⎟⎝ ⎠
 (2) 
where ⋅  is the usual Euclidean norm. The distance between U and a pixel v  could be calculated as 
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a a b bD v U v U v U⎡ ⎤= − = − + −⎣ ⎦  (3) 
then a mask M  for each pixel in the image could be defined with the following condition 
 
f
f
1 D D
P
0 D D
≤⎧⎪= ⎨ >⎪⎩
，
，  (4) 
value 1 represents the pixel belongs to the suspension lines or the risers. 
3.1.3. Swivel detection 
The swivel’s color is the same as some rings of the canopy, and its position changed during inflation 
process, both multi-frame logical operation and color space segmentation are not suited for the swivel 
detection. But it also could be seen that the swivel and the risers construct a unique Y-shaped structure in 
the image, so it could be detected in the following algorithms: 
• A rough position could be located by correlation coefficient matching approach once a reference 
subimage is obtained, the maximum value of the correlation coefficient indicates the most possible 
position. The commonly used reference subimage is a rectangle area which size is M×N in the image, 
and it could be taken at the beginning of segmentation. In order to minimize the time consuming, the 
pixel interval should be in the range of 1~min(M,N). 
• Precise results of the location and shape of the swivel should be detected by region growing method, 
Eq. (2), (3) and (4) are used as the predefined criteria, the seed set is chosen from the central part of 
rough detection results. 
Fig. 2 shows the results of the unwanted artifacts detection. 
 
(a) (b) (c) (d) 
Fig. 2   (a) original image,  (b) result of the caption detection,  (c) result of the suspension lines and the risers detection, (d) result of 
the swivel detection Segmentation processing 
3.2. Segmentation processing 
Once the unwanted artifacts have been detected, the canopy could be segmented from the image. A 
large parachute inflation process could be divided into two major phases: reefed stage and disreefed and 
full-open stage, so the segmentation processing consists of two parts according to their own 
characteristics of each stage. 
3.2.1. Reefed stage 
Before the reefing line was cut off, the canopy’s area is small in the image. Both the caption and the 
swivel maintain a certain distance from the canopy, the suspension lines connected with the canopy are 
narrow, the canopy could be segmented by performing morphological opening and closing operations.  
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Opening and closing are used to smooth the contour of an object. Both are derived from the 
fundamental morphological operations dilation and erosion. With A  and B  are sets in integral space Z2, 
opening operation is an erosion of A  by B  followed by a dilation of result by B , it could be described as 
 
( )A B A B B= ⊕o   (5) 
Closing operation is a dilation of A  by B  followed by an erosion of result by B , it could be described as 
 
( )A B A B B• = ⊕   (6) 
where   denotes erosion operation and ⊕ denotes dilation operation. 
3.2.2. Disreefed and full-open stage 
The inflation of a disreefed parachute is attended by a characteristic increase in projection area. In this 
phase, the canopy would be occluded by the swivel and the risers. It also could be seen that the canopy 
might continue to expand until went beyond the video’s borders, so occlusion and missing would be a 
serious problem to solve in the segmentation. Many algorithms have been developed to restore the 
missing information, but most of them concentrate on the object’s details and cost too much time. On the 
other hand, for measuring the object’s area it’s only need to estimate the distribution of the object in the 
image, so this paper proposes a segmentation method based on edge detection. 
The method of this stage could be described in three phases. In phase I, the image is converted to a 
binary one and the contour of the parachute would be detected. In phase II, the pixels of the contour 
which attached to the unwanted artifacts and the video’s borders would be removed, and then a 
discontinuous contour of the canopy would be detected. In phase III, the isolated missing contour would 
be interpolated and the whole contour of the canopy would be detected, then the canopy area could be 
masked out from the image. Too many edge detection operators, such as canny’s edge operator and 
sobel’s edge operator, would have a good impact on a binary image. As shown in Fig. 3 , target part E is 
occluded by unwanted artifact D, Γ is the discontinuous contour of E, the intersections’ coordinates of  Γ 
and D on the image are ( ),i ix y  and ( ),j jx y . A second order polynomial, which is first order continuity, 
could be used to describe the missing contour, and for a better result, the independent variable should be 
chosen the one whose value range is larger in the missing part, so the polynomial could be written as 
 
( )
( )
2
i j i j
2
i j i j
y ax bx c x x y y
x ay by c x x y y
⎧ = + + − ≥ −⎪⎨ = + + − < −⎪⎩
　　 
　　 
 (7) 
the values of a , b , c  could be calculated using least squares method. Fig. 3 illustrates the fitting 
contour of the missing part, and Γ2 is the result calculated by Eq. (7). From Fig. 3 it could be seen the 
least square fitting method could get a natural continuous and smooth edge by connecting the upper part 
and lower part of Γ. Actually, a simpler linear fitting method may perform similarly when D is small, but 
it couldn’t perform well when D is large. In Fig. 3 Γ1 shows the result calculated by linear fitting method. 
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Fig. 3  Restoration of the missing contour 
4. Experimental results and conclusion 
The method presented here has been successfully applied to automated measurement of a large 
parachute projection area during inflation process. In the video, the canopy’s shape contains three 
conditions: (1) The canopy is isolated. (2) The canopy is partial occluded. (3) The canopy is partial 
occluded and missing. As shown in Fig. 4, it could be seen that our method could manage to segment the 
canopy correctly and cope with the three conditions very well. The part of the unwanted artifacts inside 
the results demonstrates the occluded canopy, while the white part beyond the video’s borders inside the 
results demonstrates the missing part of the canopy. Also from Fig. 4 it can be seen that small errors may 
occur at the canopy-suspension lines interface. The results of these experiments show that our method 
could have a great performance in canopy detection. 
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Fig. 4  The original images and the final segmentation results using our method(column 1 and 3 are the original images, column 2 
and 4 are the segmentation results) 
Fig. 5 shows the curve depicts the relationship of the parachute’s normalized projection area versus 
time. Previous approaches to measure the projection area of the canopy are calculated by the projection 
diameter, but that would lead to large error. For comparing this work with previous study, the paper also 
calculates the projection area by the horizontal and vertical projection diameter in the video respectively, 
The comparison of the results is shown in Fig. 5, where it can be seen that the variation between the 
projection areas in each case becomes obvious as the canopy is disreefed. 
 
 
Fig. 5  Normalized projection area-time relationship 
5. Conclusion 
In this paper, a novel approach to automated measure parachute projection area during inflation 
process, which combines image logical operation, correlation matching, region growing, morphological 
operation and other image processing methods, is brought up, and a sequence of video frames are 
conducted to test this new method. After removing noise and masking out the unwanted artifacts, the 
method divides the segmentation into two major phases according to the canopy’s characteristics during 
inflation process, and the contour of the occluded and missing part can be estimated correctly, then the 
curve of the normalized projection area of the canopy versus time could be calculated by the 
segmentation results. The results of the experiments show that the method could have a great performance 
in canopy detection, and the curve of the normalized projection area could be used in parachute design 
and performance analysis directly. 
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